, we tors integrate their activity into a coherent differentiation reasoned that ectopic motor neuron generation might program for neuronal specification, we examined the depend on the presence of endogenous neurogenic function of Ngn2, NeuroM, Isl1, and Lhx3 in motor neubHLH factors present in the dorsal neural tube, such as ron differentiation. We show that Ngn2 and NeuroM acNgn2, NeuroM, and Cash1. Therefore, we coexpressed tively participate with Isl1 and Lhx3 to specify motor Isl1, Lhx3, and NeuroM by electroporation in order to neuron subtype identity. This cooperativity derives from increase the coincidence of coexpression and found a the architecture of the LIM-HD complexes. Specifically, marked enhancement in the efficiency of ectopic motor when NLI bridges LIM-HD proteins bound at two distinct neuron specification ( Figures 1F and 1G) . Likewise, the DNA sites, a conformational change occurs that facilichimeric molecule DD-Isl1-Lhx3, which acts as a selftates transcriptional synergy with neighboring proneural dimerizing analog of the LIM complex for motor neuron bHLH factors. These findings define a mechanism by specification (Thaler et al., 2002) , was 6-fold more effiwhich neuronal subtype identity is directly coupled to cient when coexpressed with either Ngn2 or NeuroM neurogenesis, serving to unify the separate develop-( Figures 1H-1J ). NeuroM and Ngn2 without the LIMmental processes.
HD factors are insufficient to promote motor neuron development (data not shown), consistent with the obResults servation that these two bHLH factors are also expressed by non-motor neurons. Thus, the coexpression LIM-HD and bHLH Transcription Factors Act of Isl1, Lhx3, and NeuroM was particularly efficient at Coordinately to Specify Motor Neurons promoting motor neuron differentiation, and even elecTo understand the relationship between the transcriptroporated neural crest derivatives appeared to be contional pathways controlling neurogenesis and those verted into motor neurons by this combination of factors specifying neuronal subtype identity, we focused on (see Figure CMV::GFP is expressed throughout the neural tube. To understand mechanistically how neurogenesis is Coelectroporation of the chimera DD-Isl1-Lhx3 and regulated by the proneural bHLH factors, we generated NeuroM efficiently activated GFP expression in the dormutations in NeuroM and Ngn2 (Figure 2A ) and monisal neural tube ( Figure 4D ). This activity was not mimtored their neuronal differentiation activity following misicked by Mash1 ( Figure 4E ). In fact, Mash1 appeared to expression in the neural tube. We found that N-terminal inhibit GFP expression in the endogenous motor neuron (NeuroM ⌬N) and C-terminal (NeuroM ⌬C) deletions of population. NeuroM retained their transactivating function when tested as Gal4-fusions in transcription assays with P19 cells (Figures 2A and 2B) Figure 3M) . Therefore, specific theless, it has remained unclear whether these two differentiation pathways operate independently or whether bHLH factors functionally interact with Isl1 and Lhx3 to activate high levels of transcription and promote motor crossregulatory mechanisms exist to maintain the proper synchrony between these separate processes. To adneuron development. Moreover, this selectivity is un- 
